they had performed; in contrast, a second group were given money at the start of the training period but on each trial they lost money according to how badly they had performed. Values were arranged so that, on average, all volunteers ended up with about $40. A third group was not rewarded or punished on any trial, but simply received $40 for participating. Money was only given for the 80 training trials, but not on any of the subsequent evaluation trials.
Despite the rewards and punishment, learning in the three groups was the same immediately after the practice. However, when they were tested again at 6 hours, 24 hours and 30 days later, although all groups were considerably better than at the start of training, the group that had received rewards during training outperformed the other two groups by a wide margin. What had happened was that the performance of the control and punishment groups declined as time passed, whereas that of the rewarded group got better (even though they were no longer practising). Thus, learning with reward led to better long-term retention, and even improvement, of the tracking skill.
Learning in this sort of task is conventionally divided into three phases: acquisition, consolidation and retention [2] . Acquisition occurs during practice of the task whereas consolidation refers to the stabilisation of skill immediately after practice, so that it becomes resistant to interference by other tasks. The final phase is retention, which forms a long-term and interference-resistant storage of the memory. At a neuronal level, these phases correspond to different stages of plasticity in the synaptic connections between neurons. This begins with an early stage where changes in connection strength are made quickly but can be undone equally quickly, to a late stage of almost complete stability. At least part of the first stage occurs in synapses in the motor cortex [3] , but later stages may well involve synapses spread over many parts of the central motor system. But how can rewards that are given only while individuals are practising continue to have effects on retention so many days/weeks later?
We have a good deal of information about the role of reward and punishment in the initial acquisition of skill [4] , but only a few studies have examined their effects on long-term retention [5] . Reward is associated with an increase in dopamine release from neurons in the midbrain that innervate many parts of the motor system, including cerebral cortex and striatum. Dopamine release at these terminals is thought to be able to potentiate synaptic transmission at glutamatergic synapses and form an anatomical substrate of the motor memory [6] . Recent work in rat hippocampus suggests that dopamine released during learning continues to influence synaptic strengthening up to 24 hours later, persisting for days and weeks later [7] . It seems that if dopamine is present during the initial stages of synaptic strengthening, later consolidation and retention are improved. If this reasoning can be transferred to motor learning, then the long-term superiority of the rewarded group in tracking performance may be explained by the 'offline' influence of reward/dopamine on memory.
Why does punishment fail to give similar effects? The mechanism of the effect of punishment in memory formation is less well understood than that of dopamine. One effect is to reduce dopamine transmission, and in some models, this operates through the D2 dopamine receptor system (as opposed to the D1/D5 system implicated in reward) to increase suppression of inappropriate responses [8] . However, only increases rather than decreases in dopamine have been shown to have long-term effects on plasticity. Punishment can also increase activity in the serotonin system but its effects on motor learning are unclear [9] .
The experiments in the paper of Abe et al. [1] were not designed to answer such questions about mechanism. However, the results are remarkably provocative. Indeed, if they can be extended beyond the simple motor learning task studied, and if the mechanism can be more fully understood, they may influence thinking in fields from psychology to sociology. 
Oogenesis: When Most Is Good Enough
In male meiosis an unaligned chromosome blocks meiotic progression. However, oocytes with one or more misaligned chromosomes can complete meiosis. This difference reflects a more permissive role of the spindle assembly checkpoint, rather than solely reflecting the ability of some univalents to adopt a meiosis II-like orientation on the spindle.
R. Scott Hawley 1,2
When a cell divides it is at best poor housekeeping to leave a chromosome or two behind. This is certainly true for somatic cell division (mitosis) but perhaps even more critical for the cell division process that generates gametes (meiosis). The process of meiosis involves two sequential divisions: one in which two homologous chromosomes segregate from each other (the reductional division), and a second mitotic-like division (known as the equational division) in which sister chromatids of each chromosome are partitioned to opposite poles. Failures of the first meiotic division in females account for the majority of anueploid conceptions in humans and increases in frequency with advancing maternal age [1] .
Numerous mechanisms exist to promote the fidelity of this division process, but the final safeguard against chromosome loss or mis-division is the spindle assembly checkpoint (SAC) [2] . During meiosis I the SAC serves to block the transition from metaphase I into anaphase I in two types of situations. First, the SAC can arrest meiotic progression in cells where the spindle is improperly formed or damaged [3] . Second, the SAC can promote meiotic arrest when one or more chromosomes are not properly balanced at the metaphase plate [4] [5] [6] [7] . In meiosis the chromosome alignment surveillance function of the SAC serves to ensure that properly conjoined bivalents (pairs of homologous chromosomes held together by recombination) are oriented on the meiosis I spindle with their centromeres directed toward opposite poles of the spindle. Failure of meiotic recombination results in the presence of unconjoined chromosomes, known as univalents. Although the kinetochores of normal bivalents are under balanced tension on the spindle, those bivalents or univalents that are not aligned at the metaphase I plate are not exposed to tension, and the absence of this tension triggers the SAC. During male meiosis the presence of even one such univalent is sufficient to cause cell arrest or delay [7] . The generality of this requirement of the SAC for proper meiotic fidelity has also been well documented by the meiotic analysis of mutations in SAC-component-encoding genes in model organisms such as yeast and Drosophila [5, 8] .
The SAC in mammalian oocytes is sensitive to failures or disruptions of spindle assembly, and the depletion of known SAC components such as Mad2 and BubR1 leads to serious disruptions in meiotic progression [9, 10] . For example, depletion of Mad2 results in rapid meiosis I exit, a phenotype similar to that observed for mutants in a known SAC component in Drosophila oocytes [8, 9] .
Curiously, depletion of BubR1 actually has the opposite effect, prolonging the metaphase arrest. This is due to additional functions of BubR1 in cell cycle regulation through Cdh1 and in establishment of kinetochore-microtubule interactions [9] . These and other studies also revealed a fascinating reversal in the requirement for Cdh1 and Cdc20 during the first meiotic division in oocytes, such that the APC-Cdh1 complex acts prior to the activity of APC-Cdc20 [3] . The Cdh1, Cdc20, and APC proteins function to control the destruction (via the ubiquitination pathway) of a large series of proteins that inhibit various aspects of meiotic and mitotic progression. Differences between cell cycle regulation of mitosis and oocyte meiosis are further illustrated by the observation that unlike the situation in male meiosis, female meiosis appears to be tolerant of a small number of mal-oriented chromosomes [11] .
For example, mouse XO females are both viable and fertile, demonstrating that the presence of one unconjoined homolog is not sufficient to trigger the SAC. One can propose two mechanisms that might allow the SAC to 'ignore' the presence of one or a few univalents and allow meiotic progression. According to the first model, the SAC in oocytes possesses a 'reduced stringency', allowing meiotic progression even in the presence of kinetochores that are not experiencing the tension that is characteristic of properly conjoined bivalents at the metaphase plate. The second model suggests that oocytes with univalents can satisfy the SAC by aligning themselves equationally on the metaphase plate such that the sister centromeres are oriented towards opposite poles of the spindle, thus placing the sister kinetochores of the univalent under tension.
In this issue of Current Biology, Nagaoka et al. [12] are able to distinguish between these two models. The authors took advantage of a mouse strain (C3H) that is highly permissive with respect to meiotic progression in the presence of one or a few univalents. They introgressed into this strain an Mhl1 mutation that greatly decreases the frequency of recombination, allowing for the analysis of oocytes in which most of the chromosomes were present as univalents. Although most of these univalents oriented equationally at the metaphase plate during meiosis I, the majority of oocytes also exhibited one or more severely misaligned chromosomes that failed to establish equational orientations and were distant from the metaphase plate. Despite the continued presence of these misaligned univalents, these oocytes nonetheless progressed through metaphase arrest (after some delay) into anaphase I, apparently without activating the SAC.
These observations strongly suggest that, unlike its male counterpart, the oocyte's SAC can tolerate a small number of chromosomes that are misaligned, and thus not under tension. All of these data lead to the question of why mammalian oocyte meiosis might be more tolerant of one or two misaligned chromosomes than is its male counterpart. I suggest that the answer may lie in a simple numbers game. If a male is donating several hundred million sperm per ejaculate, then losing a few of them due to permanently arresting a problematic meiosis is not going to have a significant effect on the likelihood of fertilizing an egg in that coupling event. But a human female produces many fewer oocytes in her lifetime (approximately one per menstrual cycle). The loss of THAT oocyte might well render her infertile for that cycle. So perhaps selection has acted such that meiosis in oocytes with one or two mal-aligned chromosomes is allowed to proceed given the possibility that even random segregation of such univalents might still give rise to an oocyte that can produce a viable zygote, while a rigid 'all bivalents are balanced or total arrest' decision surely will not yield a fertilizable egg.
Numerous papers have suggested that this more tolerant triggering of the SAC might be age-sensitive in a fashion that might explain the well-documented effects of advancing maternal age on the production of aneuploid oocytes [12] . As Nagaoka et al. [12] point out, the available data suggest that the age effect may be best explained by a combination of genetic and environmental factors, leaving open the possibility that a weakened SAC simply allows those factors to induce failed segregation. Alternatively, one could imagine that it is the weakening of the SAC itself with age that underlies one of the most cited and least understood phenomena of human genetics.
